Objectives: The primary objective of this study was to determine the percentage of clinically adequate (CA) fundoscopic images that could be obtained using the Pan Optic iExaminer system to perform nonmydriatic fundoscopic imaging in the pediatric emergency department (ED). Secondary objectives were to identify target age groups in which this technology is best utilized and evaluate the overall ease of use in this setting.
Results: Overall, 91.06% (95% confidence interval [CI] = 86.01% to 96.1%) of children ages 2-18 years had at least one CA image obtained. A total of 16% (95% CI = 7% to 26%) of children 0-2 years, 85% (95% CI = 76% to 94.15%) of children 2-6 years, and 9% (95% CI = 92% to 100%) of 6-18 years had at least one CA image. The median total examination time was 3 minutes 24 seconds (interquartile range = 2 minutes 27 seconds to 4 minutes 49 seconds).
Conclusion:
Fundoscopic images were consistently obtained using the Pan Optic iExaminer system in the pediatric ED particularly in children 2-18 years of age. CA images were obtained in children less than 2 years old, but less consistently.
Background
F undoscopic examinations are an important component of the emergency department (ED) evaluation, especially in patients presenting with headache, altered mental status, trauma, hypertension, eye injury, or acute changes in visual acuity. Optic nerve edema is a particularly important examination finding in conditions that could result in increased intracranial pressure. [1] [2] [3] Traditional direct fundoscopy has many limitations for routine use in the pediatric ED. Direct fundoscopy frequently requires a dilated pupil and dark environment to obtain a complete examination. Furthermore, successful fundoscopic visualization is dependent on the skills of the examiner due to its limited field of view. [1] [2] [3] [4] [5] ED difficulties in performing a dilated eye examination are often due to time constraints and concerns for masking potentially important examination changes due to pupillary dilation. 3, 6 The traditional direct method is especially difficult to perform on the young pediatric patient who is less likely to cooperate with the examination. 2, 7 The AAP acknowledges that "ophthalmoscopy may be possible in 3 to 4 years olds who are very cooperative and able to fixate their gaze on an object during the examination." 8 These challenges often prevent the identification of significant ocular findings that could be clinically relevant in the acute setting. 7 Studies have documented concerns regarding the declining use of the fundoscopic examination by physicians of varying specialties and a resultant decline in its general diagnostic accuracy. 1, 4, 9 Surveys have shown a wide variability of time spent teaching the traditional direct fundoscopic examination in medical schools and residencies internationally. 9 Nonophthalmologic physicians routinely report a lack of confidence in performing the examination largely due to insufficient training and practice. One study determined that a correct diagnosis was more likely to be made by looking at a fundoscopic image than by the physicians performing the examination themselves. This suggests that physicians can make the correct diagnosis but may not have the technical skills or confidence required to perform traditional direct fundoscopy. 1 Moreover, we have no valid method to either confirm or refute any findings with traditional direct fundoscopy. 10 Studies have proven feasibility for use of nonmydriatic digital fundus photography in adults in the ED setting and in pediatric patients in the ophthalmology clinic setting. However, the cameras used in these studies can be quite cost-prohibitive and lack the portability of the traditional direct ophthalmoscope. They also require the patient to be sitting upright to allow for proper alignment, which is not always feasible due to patient condition or age. 6, 7, 11 The Pan Optic ophthalmoscope is a handheld instrument, much like the traditional direct ophthalmoscope. However, it provides an increased field of view (approximately 25 degrees vs. 5 degrees with the traditional direct ophthalmoscope), improving fundoscopic visualization in nondilated eyes. 3, 4, 9 The design of the Pan Optic ophthalmoscope allows for the examiner to maintain a more comfortable working distance from the patient when compared to traditional direct fundoscopy. 3, 4 The iExaminer system consists of an attachment that allows connection of a cellular phone/smart device to the Pan Optic ophthalmoscope and a cellular phone/smart device application utilizing the device's camera to take digital, portable fundoscopic images. 12 A study using adult emergency medicine physicians compared the Pan Optic ophthalmoscope to the traditional direct ophthalmoscope and found the Pan Optic device to be more sensitive and specific in diagnosing optic disc pathology. 3 
Importance
To our knowledge there are no published studies regarding the use of the Pan Optic ophthalmoscope in the pediatric ED setting or its concomitant use with the iExaminer application. This technology shows promise in helping to improve the accuracy and documentation of the fundoscopic examination in this setting.
Objectives of this Investigation
The objectives were to determine the percentage of CA fundoscopic images that could be obtained using the Pan Optic iExaminer system in the pediatric ED and to evaluate if this technology shows promise for successful and routine use in this setting.
METHODS

Study Design and Setting
This study is a prospective descriptive study of patients presenting to a freestanding children's hospital with a level I pediatric trauma center. This study was approved by the institutional review board prior to enrollment of patients.
Selection of Participants
Eligible patients for this study were children 18 years of age or younger who presented to the pediatric ED with a non-eye-related chief complaint. Patients were excluded if they had a significant ocular history including surgery or trauma, diagnosis of developmental delay, concern for child abuse or neglect, or a medical condition that would prevent participation in this study (e.g. significant pain, altered mental status, or intubation). Patients with refractive error were included in this study. When the principal investigator was available, convenience sampling was utilized to enroll eligible patients. Full written consent was obtained on all enrolled patients. Enrolled patients were stratified by age group (0-2, 2-6, and 6-18). A sample size of 61 patients for each age group was calculated based on an expected 20% proportion of inadequate examinations with a 95% confidence interval (CI).
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Interventions All study examiners were trained using the Welch Allyn Pan Optic iExaminer system online manual and instructional videos. An hour-long didactic session was held in which the study examiners viewed the instructional video and practiced on adult subjects. Prior to examination, patients were placed in a position of comfort. Images were obtained utilizing the Welch Allyn manufacturer's recommended methodology for image acquisition. 12 The examiner had a maximum of three attempts per eye and a total examination time of 15 minutes to record images from both eyes. The examiner selected the best image from each eye for review. Twenty percent of patients in the 2-to 18-year age groups had an additional examination completed by a second examiner using the same methodology as the first examination. These examinations were selected utilizing consecutive enrollment when two study examiners were available.
Methods and Measurements
All images were submitted for review by a pediatric ophthalmologist who was trained in image grading procedures prior to patient enrollment. Two additional emergency medicine physicians were also trained and reviewed all of the images. For primary analysis, only image grades given by the pediatric ophthalmologist were considered. A 5-point scale from the FOTO-ED studies was used to grade the quality of the field of view. A Grade 1 was given to images in which a view of the fundus was not obtained. Grade 2 images had a view of the fundus that did not include a full or clear view of the optic disc. Grade 3 images had a full, clear view of the optic disc. Grade 4 images had a full, clear view of the optic disc in addition to some surrounding structures. Grade 5 images provided full, clear view of the optic disc and macula and extensive views of both the superior and the inferior vascular arcades. By definition, for this study, a grade of 3 or higher was considered a "clinically adequate image (CA)" as there was a full clear view of the optic nerve ( Figure 1 ).
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Outcomes The primary objective of this study was to determine the percentage of CA fundoscopic images could be obtained in the pediatric ED setting using the Pan Optic iExaminer system. In addition, we wanted to identify target age groups for use of this technology. The primary outcome measure is image grade stratified by age.
The secondary objective was to determine the overall ease of use in the pediatric ED setting. This was measured by total number of attempts per eye and total examination time. Ease of use was defined prior to study initiation as 80% of patients having CA examination of at least one eye, a maximum of three examination attempts per eye, and a total examination time less than 15 minutes for both eyes.
Data Analysis
Statistical analysis was performed using Excel. Proportions were calculated with 95% CIs by the exact binomial method. Times were evaluated with medians and interquartile ranges (IQRs). Cohen's kappa was used to evaluate inter-rater reliability. 
RESULTS
A total of 184 patients were enrolled and completed study procedures. All patients who completed study procedures were included in analysis. There were seven patients who had an image that was not submitted for review due to either inability to obtain an image within the three allowed attempts or due to technical issues with the application unexpectedly quitting or not saving the images after completion of study procedures. These patients were not excluded from the total numbers despite having a missing image. A total of 360 images were submitted for primary review. Twenty-three of the enrolled patients in the 2-to 6-and 6-to 18-year-old age groups underwent a second examination with a second examiner. One image was unable to be obtained in the 2-to 6-year-old age group. A total of 45 images were submitted for secondary review.
After review of all images, 58.70% (95% CI = 53.67% to 63.73%) were found to be CA: stratified by age-9.01% (95% CI = 65.07% to 80.83%) of images in the 0-to 2-year age group were CA, compared with 72.95% (95% CI = 65.07% to 80.83%) in children ages 2-6 and 93.55% (95% CI = 89.22% to 97.87%) children ages 6-18; and overall-83.33% (95% CI = 78.68% to 87.99%) of images were CA in children ages 2-18. The youngest child with a CA image was 4 months of age.
A total of 16.39% (95% CI = 7.10% to 25.68%) of children 0-2 years, 85.25% (95% CI = 76.35% to 94.15%) of children 2-6 years, and 96.77% (95% CI = 92.38% to 101.17%) of 6-18 years had at least one CA image. Overall, 91.06% (95% CI = 86.01% to 96.1%) of children ages 2-18 years had at least one CA image obtained (Figure 2) .
The median total examination time was 3 minutes 24 seconds (IQR = 2 minutes 27 seconds to 4 minutes 49 seconds). The shortest examination time was 1 minute 8 seconds and the longest examination time was 8 minutes 31seconds (Figure 3) .
Of eyes in which CA images were obtained, 29% were obtained in one attempt, 26% in two attempts and 32% in three attempts. A total of 86% of eyes with no CA image obtained had three attempts at obtaining images.
When comparing each nonophthalmologist image reviewer's grading to the pediatric ophthalmologist's grading, there was moderate-strong interobserver agreement (Tables 1 and 2 ). When comparing the images obtained by two examiners in 20% of the patients, there was moderate interobserver agreement in the quality of images obtained (% agreement = 80.95%, j = 0.61, 95% CI = 0.27 to 0.95).
DISCUSSION
In our study, we found that fundoscopic images of clinical diagnostic quality were obtained in 91.06% of children 2-18 years old. CA images are able to be obtained in younger patients, although less frequently. The youngest patient in which a CA image was able to be obtained was 4 months. Using the Pan Optic iExaminer system, we were able to obtain CA images in a time-efficient manner (median time of bilateral eye examination = 3 minutes 24 seconds) without the need for pupillary dilation.
Benbassat et al. 9 emphasize the importance of direct ophthalmoscopy to "recognize retinal signs of uncommon life-threatening disease" such as papilledema and retinal hemorrhage. Studies have reported underutilization of direct ophthalmoscopy by nonophthalmologic physicians. There are discrepancies in expected proficiency and a wide variation of time spent teaching direct ophthalmoscopy during medical school.
9,10 Direct ophthalmoscopy is inherently difficult to teach as there is no way to verify that the student has obtained a proper view of the fundus. 10 As a result nonophthalmologists have reported a lack in confidence in performing traditional direct ophthalmoscopy, but have shown that a correct diagnosis is more likely to be made by looking at a photograph of the fundus. 1 Our results support this statement since we demonstrated at least moderate agreement between the pediatric ophthalmologist and two nonophthalmologist physicians in identifying CA digital photographs of the optic disc.
Efficiency is always a priority in the ED setting. Many emergency medicine providers may be unwilling to perform pupillary dilation, which is required for a complete traditional fundoscopic examination, due to a perceived delay in care. Additional fears that pupillary dilation could mask potentially important changes in the neurologic examination could also play a factor in their reluctance to administer cycloplegics. 1, 3 In phase I of the FOTO-ED studies, it was determined only 14% of adult patients with symptoms warranting a fundoscopic examination had one completed in the ED during their prospective study period. Five examinations were documented as normal despite presence of relevant pathology in the examinations that were completed. Retrospective data from the same institution found only a 4% utilization of direct ophthalmoscopy in a similar population of subjects. 5, 11 These results confirm the underutilization and inaccuracy of direct ophthalmoscopy by nonophthalmologists. 1 The percentage of fundoscopic examinations performed in a pediatric ED is likely to be of similarly low frequency in the older child and potentially even lower in the noncompliant young child or infant. 2, 8 Fundus photography has been shown to be a promising adjunct or alternative to traditional direct ophthalmoscopy. Studies using Retcam and nonmydriatic fundus cameras have proven feasibility of use and demonstrated diagnostic accuracy. 6, 11, 13, 14 The Retcam has been utilized for the diagnosis and monitoring of retinopathy of prematurity and retinal hemorrhages in infants and young patients. 13, 14 This camera has a handheld attachment that allows for fundoscopic imaging of a supine patient. It requires ocular contact with the camera and therefore is more invasive than traditional direct fundoscopy. A case series of eight patients less than 3 years of age found the Retcam to be useful in performing fundoscopic examinations in uncooperative patients who otherwise would have required a sedated examination. Eyelid speculums and pupillary dilation were utilized in that series. 15 Nonmydriatic fundus cameras such as the Kowa 5-alpha nonmydriatic fundus camera used in the FOTO-ED studies have shown promise as an adjunct in the diagnosis of conditions such as papilledema and hypertensive retinopathy. The FOTO-ED studies indicate that fundoscopic images can be obtained quickly with relatively minimal training for the operators. These cameras depend on the patient's cooperation with positioning as they require the patient to be sitting upright at the camera with their chin on a headrest. 7 This position may not be possible for many patients in the pediatric ED due to prohibitive medical conditions, age, or level of development. [5] [6] [7] The Pan Optic ophthalmoscope, like the traditional direct ophthalmoscope, is handheld, noninvasive, and portable, allowing for easy manipulation around the patient. It is an ideal device for patients who are unable to sit upright due either to prohibitive medical conditions or to age-related factors. The Pan Optic ophthalmoscope improves the diagnostic accuracy of optic disc pathology in the ED setting. 3 It has been shown to improve ease of use by nonophthalmologic physicians even in nondilated eyes when compared to traditional direct ophthalmoscopy. 4 The Pan Optic iExaminer system combines the portability of a direct ophthalmoscope with the desired ability to photograph a fundoscopic examination. Despite the promise of nonmydriatic fundus cameras improving the quality of the fundoscopic examination, their overall cost may be prohibitive for use in many EDs. Their cost-effectiveness has yet to be proven in this setting.
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In contrast, the Pan Optic iExaminer system can be obtained for around $1,000, making this a relatively lower-cost alternative for fundoscopic imaging. We were able to obtain a similar number of CA images using the Pan Optic iExaminer system when compared to success rates of studies that utilized the Kowa alpha-D fundus camera. We obtained at least one CA image in 91% of enrolled patients in the 2-to 18-year age group. This is comparable to the FOTO-ED studies in which the Kowa fundus camera was used in adult ED patients (83%) and in the study by Toffoli et al. 7 in which used it in pediatric ophthalmology patients (89% of subjects 3 years and older). Slightly different grading scales were utilized in all three studies.
Our study included children from birth to 2 years of age and the youngest patient with a CA image was 4 months old. Toffoli et al. 7 obtained adequate images in children as young as 22 months, although they included patients only as young as 12 months in their study.
The median total examination time in our study was 3 minutes 24 seconds (IQR = 2 minutes 27 seconds to 4 minutes 49 seconds) compared with a median time of 1 minute 54 seconds (IQR = 1 minute 18 seconds to 2 minutes 64 seconds) reported by phase I of the FOTO-ED studies. 11 Our study included the time that it took to position the patient, to obtain each image, and to select and save each image to the smart phone device. Regardless, our timing well surpassed the expected time of 15 minutes that was allowed for each patient encounter to obtain images.
As with the studies by Toffoli et al. and the FOTO-ED studies, we found the Pan Optic iExaminer system to be better suited for imaging of the optic disc than imaging of the macula. We were not able to obtain a clear view of the macula and the optic disc in the same image. Visualization of the optic disc instead of the macula was our objective since other studies indicate that accurate diagnosis of optic disc pathology in particular is essential in the ED setting. 3, 16 We were able to obtain CA images of the optic disc in children as young as 4 months of age without the use of pupillary dilation or eyelid specula. Pupillary dilation in adult subjects has improved perceived ease of use of the Pan Optic ophthalmoscope. 4, 17, 18 It is possible that the use of papillary dilation and eyelid specula could have improved the rate of CA image acquisition in our study in children less than 2 years of age. The intention of the study, however, was designed to determine the utility of nonmydriatic fundoscopic imaging using the Pan Optic iExaminer system by utilizing noninvasive methods.
The Pan Optic iExaminer system has the potential to improve instruction of the fundoscopic examination as real-time feedback could be given regarding the accuracy of the student's examination. With the integration of a smart device in the Pan Optic iExaminer system, there is also potential application for telemedicine and improved communication between the ED and consultant physicians. Other studies have supported the implications of readily available smart devices and their potential for telemedicine particularly with fundoscopic imaging.
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LIMITATIONS
We are aware of several limitations to this initial study. There were a total of three physicians who obtained images throughout this study. The primary investigator (LD) obtained all of the primary images in the study. The other two physicians obtained additional images to assess inter-rater reliability between different examiners in 20% of the patients. All three physicians, including the primary investigator, were novices in the use of the Pan Optic iExaminer system with fewer than 10 examinations performed prior to study initiation. Further investigation with a larger sample of physician examiners and repeat examinations is needed to ensure generalizability and validity.
Eyelid retractors were not utilized in this study as their use would be more invasive than a typical bedside fundoscopic examination. Their use, particularly in the 0-to 2-year age group, may have helped improve image acquisition as it was difficult for this age group to keep their eyes open throughout the examination.
Control of lighting in the ED for a nondilated fundoscopic examination is not optimal. Welch Allyn's Pan Optic instructions recommend that patients be placed into a dark room for best results. Attempts to darken the patient's room were made, but this was not always possible given the ED setting and need for ambient lighting.
This technology could be particularly useful in evaluating special populations such as patients who are developmentally delayed, critically ill, and traumatically injured and those who have intraventricular monitoring devices or those with ventriculoperitoneal shunts. Further investigation is also needed to determine the accuracy of the Pan Optic iExaminer system in detecting pathologic findings. These populations were intentionally excluded in this initial study so as to not confound our results. We envision this device to be ultimately used as a screening tool and thus wanted to evaluate appropriate ages for use in otherwise healthy children. Further testing is needed to see how best to utilize the Pan Optic iExaminer system in these more specific populations.
Our examination method utilized a 15-degree temporal angle of approach to the patient, as instructed by the manufacturer. The field of view was not large enough to include the macula and optic disc in any of our images. Specific attention would need to be given to the macula to ensure that it is imaged during the examination. Despite this limitation, the objective of this study was to obtain clear views of the optic disc as this structure is more clinically relevant acutely in the pediatric ED setting.
Finally, the iExaminer application records a series of still photos instead of continuous video. Video of the entire fundoscopic examination might provide a consultant provider with a more comprehensive evaluation of the entire fundus and would likely have been easier to include images of the macula.
CONCLUSION
Fundoscopic images were consistently obtained using the Pan Optic iExaminer system in the pediatric ED particularly in children 2-18 years of age. Clinically adequate images were obtained in children less than 2 years old, but less consistently. Fundoscopic images can be recorded, and examinations can be performed quickly without the need for pupillary dilation. The system has potential application for telemedicine, as images can easily be obtained and e-mailed directly from the device. Future studies will be necessary to determine its usefulness in key patient populations such as those children presenting with headache, concern for ventriculoperitonealAuthor: "VP shunt" has been spelled out as "ventriculoperitoneal shunt." Please verify that this is as meant. shunt malfunction, traumatic injuries, and suspected child abuse.
The authors acknowledge Halim Hennes, MD.
